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IN THE CLAIMS 

Please amend the claims as follows.: 
i -15, (Cancelled) 

16. (Withdrawn) The material hi accordance with Claim I, wherein the proton conducting 
ceramic phase has a pyrochlore structure of (A^A^hQh-^rxjQy-x wherein A' is a trivalent 
cation, A" is a. divalent cation. B is a tetmvalent cation and R is & divalent cation. 

17. (Withdrawn) The material, in accordance with Claim 16, wherein A" and R are identical 
cations. 

1 8. (Withdrawn) The material m accordance with Claim 1 6, wherein. 0< y<0.3. 

19. (Withdrawn) The material in accordance with Claim 16, wherein 0< n<0,3. 

20. (Cancel led) 

21. (Withdrawn): The material in accordance with Claim 20, wherein the complex perovskiie 
has a structure of AsP^^ndQta, wherein A Is a divalent ion, B' is one of a trivalent 
ion and a tetravaleilt ion, and B" is a pentavalent lorn 

22. (Withdrawn) The material in accordance with Claim 21, wherein 0 < $ < 0,3. 

23. (Withdrawn) The material in accordance with: Claim 21, wherein 0 < q> < 0.2. 

24. (Withdrawn) The material in accordance with Claim 20, wherein the complex perovsMte 
has a structure A^Bh^d^S^)©^, wherein A is a divalent ioh, B' is one of a Mvalerifc ion 
and a tettavaient ion, and B" is a pentavalent iom 
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25. (Withdrawn) The material in accordance with Claim 24, wherein 0 < [5 < 0,3. 

26, (Withdrawn) The material in accordance with Claim 24, wherein 0 < cp < 0.2. 
27-29. (Cancelled) 

30. (Currently amended) A mnltl-phase ceramic composite material comprising: 

a proton conducting ceramic phase haying a proionic conductivity greater than 
about t0 x 10"" S/cm at an operating temperature; and 

an electron conducting ceramic phase with electronic conductivity greater than 
1.0 x 10 " S/cm when measured under reducing condition's with an oxygen partial 
pressure less than about (iOS aim, wbsA fee amount of M& electron conducting 
ceramic phase k above ,,fjs- percolation l|mit m ibg....comE8lite...malmi 

|H^ic4^>fo^c4i^ and 
wherein the material is suostajvwaUy gas iinperrneable when sintered. 

31. (Previously presented) The material in accordance with Claim 30, wherein the electron 
conducting ceramic phase is structurally and chemically identical to at least one product of 
a reaction between the proton conducting: phase and at least one expected gas under 
operating conditions of a membrane fabricated using the material, 

32. (Previously presented) The material in accordance with Cim 30, wherein the electron 
conducting ceramic phase has a form Cej.xBxO:?-* wherein B is selected from the group 
consisting of yttrium and an element belonging to the Lanthanide series in the periodic 
table, x is between about 0 and about 0.75, and t m an oxygen deficiency. 

33. (Previously presented) The material: in accordance with Claim 32, wherein x is between 
about 0.2 and about 0,3. 
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34. (Previously presented) The material in. accordance with Glairn 3 1 , wherein the electron 
conducting ceramic phase has a form Gjfc&&$* wherein B is selected from, the group 
consisting of yttrium and an element belonging to the Lamhanide series in the periodic 
table, x is between about 0 and about 0,7;5 ; ands is an oxygen deficiency. 

35. (Previously presented) The material in accordance with Claim 34, wherein x is between 
about 0,2 and about 0.3. 

36. (Previously presented) The material in accordance with Claim 30, wherein the proton 
conducting ceramic phase has a peravskite structure, 

37. (Previously presented) The material m accordance with Claim 36, wherein the electron 
conducting phase comprises a ceria. 

38. (Previously presented) The materia]: in accordance with Claim 36 5 wherein the electron 
conducting phase comprises a doped eeria, 

39. (Previously presented) The material in accordance with Claim 36. wherein the perovskite 
has a form A}. s . a P. x Bi.yQ y 03.^ wherein A is a. bivalent cation selected from the group 
consisting of barium (Ba), steontium (Sr), calcium (Ca) and magnesium (Mg) and 
combinations thereof; wherein P is an A-site dopant that is a cation; wherein B is a 
letravaient cation selected from, the group consisting of an element in Group !'V of the 
period table and an element in the lanthamde series of the periodic table; wherein Q is a B~ 
she dopant selected from the group consisting of an element in Group 01 of the period table 
and an element in the 1 an thanide series of the periodic table; and wherein a is between 
about 0 and about 0.1, x is between about 8 and about 6,5, and y is between about 0 and 
about 03, a is a non-stoiehiomeMe A-site deficiency, and 6 is an oxygen deficiency. 



40. (Previously presented) The material according to claim 39, wherein the A-site dopant is a 
mmti mkzm from the group consisting; of ft, Sm s Br and an element in the lanihtmide 

series of the periodic table. 
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41. (Previously preserated) The material- In accordance with Claim 39, wherein a is a mm- 
stoichiometric A-site deficiency, 

42. (Previously presented) The material in atcordarsce with Claim 39, wherein 5 is an. oxygen 
deficiency-; 

43. (Previously presented) The material in accordance with Claim 30, where the proton 
conducting ceramic phase is a complex perovskite. 

44. (Previously presented) The material in accordance with Claim 30.. further comprising a 
secondary ceramic phase added below a percolation limit to improve thermodynamic 
stability, 

45. (Previously presented) The material in accordance with Claim 30, further comprising a 
second electronically conducting phase selected: from the group consisting of tin oxide 
(Sn0 2 ), doped SnCo, tungsten oxide (WOT), doped WC% cobalt oxide (Co0 3 ) 5 doped Co() 3 
and silicon carbide (SiC). 

46. (Previously presented) The material in accordance with Claim 30, wherein the amount of 
the electron conducting ceramic phase is at least the percolation limit of the electron 
conducting ceramic phase in the material. 

47. (Previously presented) The material in accordance with. Claim 30, wherein the amount of 
the electron conducting ceramic phase Is about 50% by volume of the -material. 



48. (Previously presented} The material in accordance with Claim 30. further comprising an 
amount of electron conducting ceramic phase sufficient to prevent the formation of 
carbonate when the material is in the presence of carbon dioxide. 
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49. (Previously presented) The materia! in accordance with Claim 30, further comprising an 
amount of the electron conducting ceraniio phase sufficient to prevent the formation of 
hydroxide when the material is in ike presence of water. 



50; (Previously presented) The material in accordance with Claim, wherein the proton: 

conducting phase arid the electron conducting phase am present in the material in sufficient, 
quantities such that the material is; impermeable to gas when sintered. 

51. (Currently amended) A muid-phase eeramie eopaposi te material comprising; 

a proton conducting ceramic phase having a protcnic conductivity greater than 1 .0 
x IG" 3 S/cm at an cperating temperature; and 

an electron conducting ceramic phase with electronic conductivity greater that) 
1.0 x 10"* S/em when measured under reducing conditions with an oxygen partial 
pressure less than 0.05 aim,, said electron conducting ceramic phase forming at 
least one contiguous path between opposing ends of the material such that 
electrons may pass through the material;: 

wherein die material is s^MaMy gas impermeable when sintered. 

52. (Previously presented) The material: in accordance with Claim 51, wherein the electron 
conducting- ceramic phase is structurally and chemically identical to at least one product of 
a reaction between the proton conducting phase and at least one expected gas under 
operating conditions of a membrane rlfcrieated using the material. 

53. (Previously presented) The material in accordance with Claim 51, wherein the electron 
conducting ceramic phase has a form CewBsQ^ wherein B is selected from the group 
consisting of yttrium and an element belonging to the LaMhanide series in the periodic 
table, X is between about 0 and. about 0.75, and e is an oxygen deficiency. 



54, (Previously presented) The material in accordance with Claim 53, wherein t Is between 
about 0.2 and about 0,3. 
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55. (Previously presented) The materia] in accordance with Claim 52, wherein the electron 
conducting ceramic phase has a form Qej^BsO^ wherein B is selected from the group 
consisting of yttrium and an element belonging to the Lanthanide series in the periodic 
tabic, x is between about 0 and about 0.75, and s is an oxygen deficiency. 

56. (Previously presented) The material in accordance with Claim 55, wherein x. is between 
about 0.2 and about 0.3. 

57. (Previously presented) The material in accordance with Claim 51, wherein the proton 
conducting ceramic phase has a perovsfciie structure. 

58. (Previously presented) The material In accordance: with Claim 57, wherein the electron 
conducting phase comprises a ceria. 

59. (Previously presented) The material in accordance with Claim 57, wherein the electron 
conducting phase comprises a doped ceria. 

60. (Previously presented) The material in accordance with Claim 57, wherein the perovskite 
has a form A^.<T 5 x3i.yQyQ 3 ,s* wherein A is a bivalent cation selected from the group 
consisting of barium (Ba). strontium (Sr). calcium (Ca) and magnesium (Mg) and 
combinations thereof; wherein P is an A-site dopant that is a cation; wherein B is a 
tetravalent cation selected from the group consisting of an element in Group IV of the 
period table and an element in the laMhanide series of the periodic taJbie; wherein Q is a B- 
site dopant selected from the group consisting of an element in Group III of the period table 
and an element in the lanthanide series of the periodic table; and wherein a is between 
about 0 and about 0,1, x is between about 0 and, about 0.5, and y is between about 0 and 
about 0,3,: a is a nomstoichiometnc A-site defkienow. and S is an oxygen deficiency . 

61. (Previously presented) The material according to claim 60, wherein the A-site dopant is a 
cation selected from the group consisting of Pry Sm, £r and an clement in the lanthanide 
series of the periodic table. 
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62. (Previously presented) The material in accordance with Claim 60, wherein a is a non.- 
stoiehlonretric A-site deficiency. 

63. (Previously presented) The material in accordance with Claini 60, wherein 8 h m oxygen 
deficiency. 

64. (Previously presented) The material in accordance wiih Claim 51, where the proton 
conducting ceramic phase is a conrplex perovskite, 

65. (Previousiy presented) The material In accordance with Claim 5L further comprising a 
secondary ceramic phase added below- a percolation limit to Improve thermodynamic 
Stability. 

66. (Previously presented) The material in accordance with. Claim 51, farther comprising a 
second electronically conducting phase selected from the group consisting of tin tmh 
(Sn0 2 ) 5 doped SnQ 2; tungsten oxide ( W0 3 } } doped WQ 3? cobalt oxide (CgO*), doped Co0 3 
and silicon carbide (SIC). 

67. ( Previously presented) The material in accordance with Claim 51. wherein the amount of 
the electron conducting ceramic phase Is at least the percolation limit of the electron 
conducting ceramic phase in the material. 

68. (Previously presented) The material in accordance with Claim 5 1 , wherein the amount of 
the electron conducting ceramic phase is about 50% by volume of the material 

69. (Previously presented) The material. in aecordance with Claim: SL wherein the amount of 
the electron conducting ceramic phase is sufficient to prevent the formation of carbonate 
w hen the ma terial is hi the presence of carbon dioxide. 
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70. ('Previously presented) The material. in accordance with Claim SL wherein the amount of 
the electron conducting e&toic phase is sufficient to. prevent Che: formation of hydroxide 
when the material is in the presence of water. 

71. (Previously presented) The material in accordance with Claim 51, wherein the proton 
conducting phase and the electron conducting phase are present in the material in sufficient 
quantities such that the material is impermeable to gas when sintered. 

72. (Currently amended) A multi-phase ceramic composite material comprising: 

a proton conducting ceramic phase having a protonic conductivity greater than. 1 .0 
x 1 0""' S/cm at an operating temperature; 

an electron conducting ceramic phase with electronic conductivity greater than 
1.0 x 10"' S/cm when measured under reducing conditions with an oxygen partial 
pressure less than 0,05 sum and wherein the amount, of the electron conducting 
ceramic phase is sufficient to prevent the Ibrmation of carbonate In the, presence 
of carbon dioxide and the formation of hydroxide in the presence of water; and 
wherein the material is . -substantially gas impermeable when sintered. 



